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METHOD FOR DETERMINING A POSITION
OF AT LEAST ONE ACITUATOR

BACKGROUND AND SUMMARY

The present mnvention relates to a method for determining
a position of at least one actuator of an internal combustion
engine arrangement. The mvention also relates to a corre-
sponding system for determining a position of at least one
actuator of an internal combustion engine. The mvention 1s
applicable on vehicles, i particularly low, medium and
heavy duty vehicles commonly referred to as trucks.
Although the invention will mainly be described in relation
to a truck, 1t may also be applicable for other type of vehicles
such as e.g. working machines, cars, etc.

In the field of vehicles, 1n particularly low-, medium- and
heavy duty vehicles commonly referred to as trucks, per-
formance and environmental requirements of the engines are
continuously increasing due to e.g. local and regional emis-
sion legislations as well as a growing demand from the
vehicle customers. Accordingly, there 1s often both a desire
to increase the power of the engines as well as reducing fuel
consumption and harmiul emissions therefrom. These
requirements are often in contradiction to each other, 1.¢.
when increasing the power of the engine, the fuel consump-
tion 1s naturally also increased, and vice versa. Thus, the
engine system comprises a plurality of engine parameters
and some engine parameters have to be sacrificed when
controlling others. A control strategy 1s thus desired for
controlling the engine parameters during operation of the
vehicle.

US 2013/0067894 relates to a system for reducing envi-
ronmentally harmful emissions from an internal combustion
engine. An object of the system 1 US 2013/0067894 1s to
coordinate a control strategy for the engine in order to
achieve maximum achievable performance 1n terms of NOx
emissions and vehicle fuel economy. This 1s accomplished
by coordinating control of the engine and an SCR device
which, according to the description of US 2013/0067894,
reduces NOx emissions to meet strict clean air regulations
while also improving vehicle fuel efliciency.

Although US 2013/0067894 describes a system that
improves vehicle engine parameters, there 1s still room for
improvements in terms of e.g. improved control of the
engine parameters.

It 1s desirable to provide a method for determining a
position of at least one actuator of an internal combustion
engine arrangement which at least partially overcomes the
deficiencies of the prior art.

According to a first aspect of the present invention, there
1s provided a method for determining a position of at least
one actuator of an internal combustion engine arrangement,
the method comprising the steps of receiving parameter
values for engine performance parameters of the internal
combustion engine arrangement at a first point 1n time;
predicting at least one engine performance parameter value
at an at least one second, future point in time; and deter-
mining an actuator position for the at least one actuator by
means of an optimization using the parameter values at the
first point 1n time and at the at least one second point 1n time
as mput.

The wording “engine performance parameter” should in
the following and throughout the description be interpreted
as a parameter relating to the performance of the engine.
Thus, an engine performance parameter aflects the perfor-
mance, 1 one way or the other, of the engine. As will be
described further below, the engine performance parameter
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may, for example, be a parameter correlating to e.g. fuel
consumption, NOx emissions, engine thermal power, air fuel
ratio of oxygen content 1n the intake mamiold, temperature
ol an engine after-treatment system, eftc.

The at least one actuator may, for example, be associated
with the specific engine performance parameter, as will also
be described below. Hence, when determining an actuator
position for the at least one actuator, the engine performance
parameter 1s aflected. When for example determining an
actuator position of an actuator controlling fuel 1njection, the
openness degree of this specific actuator aflects the fuel
consumption of the engine. The openness degree/position of
this specific actuator may also aflect other engine perfor-
mance parameters as well, such e.g. NOx emissions and
thermal power, etc.

An advantage of the present invention 1s that a prediction
of future engine behavior 1s provided as an mmput when
determining the actuator position for the at least one actua-
tor. This will improve the optimization when controlling the
actuators such that the respective parameters will have to
sacrifice as little as possible which 1n turn will optimize fuel
consumption and harmful emissions. By determining or
predicting future engine behavior, transient control of the at
least one actuator 1s 1mproved by the method as the opti-
mization will “know” future and upcoming engine behavior.
The at least one second point in time can thus be composed
of a plurality of future points in time such as e.g. a future
time 1nterval. The at least one second point 1n time may also
in the following be referred to as the second point 1n time.
It should be understood that the invention 1s not intended to,
for example, reduce fuel consumption at all times, but rather
to optimize the fuel consumption by taking into account
other engine performance parameters. These other engine
performance parameters are hence also optimized. Hereby,
an optimization of the engine performance parameter values
in relation to each other 1s achieved.

According to an example embodiment, the step of pre-
dicting the at least one engine performance parameter value
at the at least one second point 1n time may be executed by
the steps of predicting at least one of an engine torque and
engine speed at the at least one second point 1n time; and
determining the at least one engine performance parameter
value at the at least one second point in time using the
prediction of the at least one of engine torque and engine
speed.

An advantage of predicting engine torque and/or engine
speed at the at least one second, future point in time 1s that
well defined input parameters for optimizing the position of
the actuator 1s provided. Also, by means of a predicted
engine torque and/or engine speed, 1t 1s possible to deter-
mine, either by means of e.g. calculations or further assump-
tions/predictions, the engine parameter values, which thus
improves the accuracy of the optimization. Hereby, it is
possible to prepare the engine for future working conditions
at the second point 1n time.

According to an example embodiment, the actuator posi-
tion may be determined by optimization of a weighted sum
using the parameter values at the first point 1n time and the
second point 1n time as input.

The weighted sum 1s beneficial since it provides for a
relatively simple determination of which parameters to
correlate, and how to correlate them, 1n order to achieve an
optimization. By weighting the parameters, a respective
welghting coellicient may be provided for each of the engine
performance parameters desirable to obtain. The engine
performance parameters are hence weighted such that the
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different engine performance parameters are comparable to
cach other to obtain a weighted sum.

According to an example embodiment, the actuator posi-
tion of the at least one actuator may be associated with the
at least one engine performance parameter. Hence, when e.g.
increasing the exhaust thermal power of the mternal com-
bustion engine, the position ol at least one actuator i1s
aflected.

According to an example embodiment, the method may
turther comprise the step of controlling the at least one
actuator to be positioned 1n the actuator position.

According to an example embodiment, the method may
turther comprise the steps of receiving a signal indicative of
an engine torque and/or engine speed at a previous point 1n
time and at the first point in time; determining a driver pedal
position of a driver pedal of the internal combustion engine
arrangement; predicting at least one of the engine torque and
engine speed at the at least one second point 1 time by
means of the recerved signal and the determined driver pedal
position; and determining the at least one engine perior-
mance parameter value at the at least one second point in
time using the prediction of the at least one of engine torque
and engine speed.

The wording “previous point 1n time” should be under-
stood to mean a point 1n time that already occurred, 1.e. a
point in time consecutively before the first point 1n time.

An advantage 1s that an extrapolation of current and past
usage of the internal combustion engine, 1.e. current and past
engine torque/engine speed, can be made 1n order to predict
the engine torque and/or engine speed at the second point in
time. Accordingly, a computational complexity of predicting,
the engine torque/engine speed at the second point 1n time
can be kept relatively simple. The extrapolation 1s especially
beneficial when predicting engine torque/engine speed at a
second point 1n time which 1s quite close in time in com-
parison to the first, present point 1n time. Hence, the pre-
diction horizon ahead 1s relatively short which 1s beneficial
for fast dynamics when controlling e.g. engine pressures,
mass flow rates, emission transient peaks, etc. Other advan-
tages can also relate to improved air fuel ratio and turbo-
charger speed of the internal combustion engine arrange-
ment.

According to an example embodiment, the method may
turther comprise the steps of receiving a signal indicative of
road topology data ahead at the at least one second point in
time from a global positioning system (GPS); predicting at
least one of the engine torque and engine speed at the at least
one second point 1n time by means of the received signal
from the GPS; and determining the at least one engine
performance parameter value at the at least one second point
in time using the prediction of the at least one of engine
torque and engine speed.

The prediction may thus be performed based on e.g.
topology 1information, speed limit information, trathic situa-
tions, etc. which information 1s recerved from the GPS. This
may be especially beneficial when predicting engine torque/
engine speed at a second point 1n time which 1s quite far
ahead from the first point 1n time. Hence, the prediction
horizon ahead 1s relatively long which 1s beneficial for
controlling temperatures of the internal combustion engine,
1.¢. slow dynamics downstream the engine for e.g. control-
ling the after-treatment system.

It should be noted that the short term prediction horizon
and the long term prediction horizon may be used 1n
combination with each other. Also, other alternatives than
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the GPS 1s of course conceivable, such as e.g. a digital map
or pre-stored data for a specific road where the vehicle has
been previously driven.

According to an example embodiment, the method may
turther comprise the steps of receiving a signal from an
alter-treatment system, the signal being indicative of a
minimum and/or maximum allowable NOx level for said
alter-treatment system; and determining parameter values of
the engine performance parameters at the at least one second
point 1 time by using the received signal from the aiter-
treatment system.

Hereby, the optimization always fulfils the requirements
of NOx emissions. Also, it 1s advantageous to receive mput
from the after-treatment system so that the after-treatment
system and the engine system are controlled 1in conjunction
with each other and not individually. It 1s often desirable to
avoid a too low NOXx level 1n the after-treatment system. By
doing so, ammomnia slip can for example be avoided. It might
thus be desirable to add extra NOx from the engine which at
the same time will reduce fuel consumption for the internal
combustion engine arrangement. Furthermore, maximum
NOx levels often comes from national legislations and 1t 1s
therefore desirable to control that NOx levels are below such
maximum allowable limits. A further advantage 1s that fuel
consumption and urea consumption are not optimized 1ndi-
vidually by receiving mput signals from the after-treatment
system.

According to an example embodiment, each of the engine
performance parameters may be associated with a respective
welghting parameter, the method comprising the step of
determining a respective value for each of the weighting
parameters for acquiring a minimization of a weighted sum
of the parameter values at the at least one second point 1n
time.

Hereby, a well defined equation system can be formulated
which object 1s to receive a mmmimized calculation 1n order

to optimize the position of the at least one actuator. An
example of such equation 1s given below 1 Eq. 1.

min;{g,xFuel consumption+g,xNOx emissions—g,x

Thermal power) Eq. 1

Where U 1s a vector of controllable variables correlating,
to the position of the at least one actuator, and ql-q3 are
respective weighting parameters for the respective engine
performance parameters. Other engine performance param-
cters are also conceivable, such as e.g. parameters correlat-
ing to soot emissions, regeneration of the after-treatment
system, etc.

Hereby, each of the weighting parameter has an inverse
unit 1 comparison to its respective engine periormance
parameter. For example, fuel consumption can be expressed
in liters per kilometers. The respective weighting parameter,
1.e. ql 1n the above example, 1s therefore expressed 1n
kilometers per liter. Hereby, the result of the expression in
Eq. 1 1s not expressed 1n any units, 1.¢. the expression 1s “unit
free”.

According to an example embodiment, the at least one
engine performance parameter may be a parameter corre-
lating to at least one of fuel consumption, NOx emissions
and thermal power of the internal combustion engine
arrangement.

The wording “parameter correlating to” should be under-
stood to mean that the parameter aflects the specified engine
performance parameter. Hence, the parameter must not be
directed directly to fuel consumption but can rather be a
parameter which affects the fuel consumption, etc. Accord-
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ing to a non-limiting example, engine efliciency and pump-
ing losses could be correlated to fuel consumption.

Other alternatives than the above described fuel consump-
tion, NOx emissions and thermal power are of course
conceivable. For example, the engine performance param-
cters may also relate to engine soot, where maximum and
mimmum requirements are taken into account, air fuel ratio
or oxygen content in the mtake manifold, exhaust tempera-
ture, elc.

According to an example embodiment, the step of deter-
mimng the actuator position may be executed by means of
a dynamic optimization solver.

A dynamic optimization solver 1s advantageous since it
can control multiple inputs and can adapt during operation.
Hence, the dynamic optimization solver can continuously
solve the optimization problem and take predicted future
engine behavior into account. The solver then either directly
or indirectly controls the actuators according to the optimi-
zation.

According to an example embodiment, the dynamic opti-
mization solver may be a Model Predictive Control (MPC)
solver. An MPC 1s a control strategy that uses a model of a
system 1n order to predict future outputs over a finite time
horizon, and determines an optimal control sequence that
optimizes a cost function. An MPC may be beneficial to use
as 1t can represent the behavior of a relatively complex
dynamic system and also provides a flexible framework for
controlling a relatively complexed constrained dynamic
system, 1.¢. the internal combustion engine system.

According to a second aspect, there 1s provided a system
for determining a position of at least one actuator of an
internal combustion engine arrangement, the system being
configured to receirve parameter values for engine perfor-
mance parameters of the internal combustion engine
arrangement at a first point 1 time; predict at least one
engine performance parameter value at an at least one
second, future point in time; and determine an actuator
position for the at least one actuator by means of an
optimization using the parameter values at the first point 1n
time and at the at least one second point 1n time as nput.

According to an example embodiment, the system may
turther comprise first subsystem configured to control at
least one actuator of an internal combustion engine.

The first subsystem may comprise a dynamic optimization
solver, such as the above described MPC solver, 1n order to
control the at least one actuator of the internal combustion
engine. The first subsystem may thus be a local system for
the actuators of the engine.

According to an example embodiment, the system may
turther comprise a second subsystem configured to control at
least one actuator of an engine after-treatment system.

Hereby, a separate subsystem controls the actuators of the
engine aifter-treatment system which can simplity the
respective systems as control functions are separated and
does not have to be performed by a single system.

According to an example embodiment, the system may
turther comprise a third subsystem configured to predict at
least one of an engine torque and an engine speed of the
internal combustion engine arrangement at the at least one
second point 1n time.

An advantage of using the third subsystem to predict
engine torque and/or engine speed 1s that a hierarchical
higher order system 1s provided. This third subsystem may
comprise a dynamic optimization solver and can be con-
nected to the first and second subsystems 1n such a way as
to recerve input to the solver from the respective first and
second subsystems. Hence, the dynamic optimization solver
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of the third subsystem can predict engine torque and/or
engine speed and by means of mput from e.g. the first and
second subsystems execute an optimization of 1ts mnputs for
delivery to the first and second subsystems for use when
controlling the respective actuators. Further, since not only
models of the first subsystem, which may be the engine
system, but also of the second subsystem, e.g. the after-
treatment system, 1s included, a better coordination of both
subsystems could be achieved, and hence, a more accurate
optimization of the performance parameters such as e.g. fuel
consumption and after-treatment fluid consumption.

According to an example embodiment, the first subsystem
may be further configured to receive predicted engine torque
and/or engine speed at the at least one second point in time
from the third subsystem; and determine parameter values
for the engine performance parameters at the at least one
second point in time by using the prediction of the at least
one of engine torque and engine speed received from the
third subsystem.

As described above, the third subsystem may be a hier-
archical higher system and by allowing the third subsystem
to predict the engine torque/engine speed at the second point
in time, the third subsystem may provide input predictions
and set points to the first subsystem which reduces the
computational effort needed by the first subsystem.

According to an example embodiment, the second sub-
system may be configured to receive a signal indicative of a
temperature level of an engine after-treatment system at the
first point 1n time; and provide said signal indicative of the
temperature level to the third subsystem.

Hereby, the third subsystem beneficially receives input
values to 1ts dynamic optimization solver also from the
second subsystem.

According to an example embodiment, the third subsys-
tem may be configured to determine a minimum and/or
maximum allowable NOx-level for the engine after-treat-
ment system by means of the received signal indicative of
the temperature level and the prediction of engine torque
and/or engine speed at the at least one second point 1n time;
and provide said determined maximum allowable NOx-level
to said first subsystem.

Further effects and features of the second aspect are
largely analogous to those described above 1n relation to the
first aspect of the present invention.

According to a third aspect, there 1s provided a computer
program comprising program code means for performing
any of the steps of the example embodiments described
above 1n relation to the first aspect when the program 1s run
on a computer.

According to a fourth aspect, there 1s provided a computer
readable medium carrying a computer program comprising
program means for performing any of the steps of the
example embodiments described above 1n relation to the first
aspect said program means 1S run on a computer.

According to a fifth aspect, there 1s provided a vehicle

comprising a system according to any of the example
embodiments described above in relation to the second
aspect.

Effects and features of the third, fourth and fifth aspects
of the present invention are largely analogous to those
described above 1n relation to the first and second aspects.

Further features of, and advantages with, the present
invention will become apparent when studying the appended
claims and the following description. The skilled person
realize that different features of the present invention may be
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combined to create embodiments other than those described
in the following, without departing from the scope of the
present mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as additional features and advantages
of the present invention, will be better understood through
the following illustrative and non-limiting detailed descrip-
tion of a exemplary embodiments of the present invention,
wherein:

FIG. 1 1s a side view 1llustrating an example embodiment
of a vehicle 1n the form of a truck;

FIG. 2 1s a schematic illustration of a system according to
an example embodiment of the present invention;

FI1G. 3 15 a schematic illustration of a system according to
another example embodiment of the present invention;

FIG. 4 1s a graph illustrating example embodiments of
prediction horizons at future points in time; and

FIG. 5 15 a flow chart of a method according to an example
embodiment of the present invention.

DETAILED DESCRIPTION

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The invention may, however, be embodied 1n many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided for thoroughness and completeness. Like reference
character refer to like elements throughout the description.

With particular reference to FIG. 1, there 1s provided a
vehicle 1 comprising an internal combustion engine arrange-
ment 100. In detail, the vehicle 1 1s provided with a system
(depicted 1n detail in FIGS. 2 and 3) for determining a
position of at least one actuator according to an example
embodiment of the present invention. The vehicle 1 depicted
in FIG. 1 1s a heavy duty vehicle, here 1n the form of a truck,
for which the mventive system, which will be described
turther below, 1s particularly suitable for.

Referring now to FIG. 2, which 1s a schematic 1llustration
of a system 200 according to an example embodiment. The
system 200 depicted 1n FIG. 2 comprises a first subsystem
202, which 1n the following will be referred to as an engine
controller. The engine controller 202 1s connected to actua-
tors 204, 206 of the internal combustion engine arrangement
100. The internal combustion engine arrangement 100 com-
prises, 1n the 1llustrated embodiment, an internal combustion
engine 101 and an exhaust after-treatment system (EATS)
102. In the example embodiment depicted in FIG. 2, only a
first 204 and a second 206 actuator 1s depicted for simplicity
of understanding. It should however be readily understood
that the engine controller 202 can be connected to a plurality
ol actuators of the internal combustion engine arrangement
100. The actuators 204, 206 can for example include engine
exhaust gas recirculation (EGR) valves, variable geometry
turbine (VGT) valves, inlet valve throttles, etc. Thus, the
actuators 204, 206 may control, for example, valves of the
internal combustion engine 101 as well as valves of the
EATS 102.

Furthermore, the engine controller 202 comprises a
dynamic optimization solver, which 1n the following will be
described 1n relation to a Model Predictive Control (MPC)
solver 208. The invention should however not be construed
as limited to an MPC solver 208 since other types of
dynamic optimization solvers are conceivable, such as e.g.
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predictive controllers based on linear matrix inequalities,
etc. The MPC solver 208 1s a control solver that uses a model
of the internal combustion engine system 100 1n order to
predict future outputs over a fimite time horizon. By means
of the MPC solver 208, tuture positions of the actuators 204,
206 can be determined by optimizing a mathematical func-
tion set by the MPC solver 208. Hereby, the position of the
respective actuators 204, 206 1s controlled for optimized
driving condition of the vehicle 1.

The engine controller 202, and thus the MPC solver 208,
receives various engine performance parameters in order to
solve the optimization of the mathematical function. The
engine performance parameters can be received from vari-
ous vehicle systems 210 depending on the specific param-
cter. It should thus be understood that the various engine
performance parameters can be received from respective
sensors (not shown) of the vehicle 1. The engine perfor-
mance parameters can also be recerved from a third subsys-
tem as will be described further below 1n relation to the
description of FIG. 3. The engine performance parameters
may be parameters correlating to e.g. fuel consumption,
NOx emissions, engine thermal power, air fuel ratio of
oxygen content in the intake mamfold, temperature of an
engine after-treatment system, etc.

Furthermore, the MPC solver 208 receives parameter
values for various engine performance parameters at a first,
present point 1n time. Hereby, mput values for the initial
starting position for the MPC solver 208 are acquired/
provided. The MPC solver 208 therealfter predicts the engine
performance parameter values at a second, future point in
time, or future points 1n time. As an example, the predictions
of the engine performance parameters at the second point 1n
time can be based on a prediction of engine speed and/or
engine torque at the second point 1n time. Further details of
how to predict engine speed and/or engine torque at the
second point 1n time will be given below 1n relation to FIG.
4. Accordingly, the first point in time relates to a current
condition and the second point 1n time relates to a future,
upcoming point 1 time, or points in time, which will take
place after the first point 1n time.

To describe how the MPC solver 208 optimizes the
parameter values 1n order to determine the position of the
actuators 204, 206 at the second point 1n time, the following
example will be made 1n relation to engine performance
parameters 1 terms of fuel consumption, NOX emissions
and thermal power of the internal combustion engine.

Firstly, each of the fuel consumption, NOx emissions and
thermal power of the internal combustion engine 1s predicted
for the second point(s) 1n time. This can be made by
predicting, preferably by calculation using e.g. engine per-
formance parameters at the first point in time, the engine
speed and/or engine torque at the second point 1n time and
determine the fuel consumption, NOx emission and thermal
power that will be provided/needed by such predicted engine
speed and/or engine torque. The equations given 1n Eq. 2 and
Eq. 3 below could, as an example, be used for calculation of
the respective engine performance parameters at a point in
time referred to as k:

F(A D) =A %(+B, u (k) +B ru (k) Fq.2

vk)y=C-x(k)+D_u_(k)+D ;u (k) Eq.3

Where y(k) 1s the predicted engine performance param-
cter at time(k), x(k) 1s a vector comprising various variables
relating to the state of the engine and x 1s the time denivative
thereof, uc(k) are the controllable variables such as the
positions of the different actuators 204, 206, and ud(k) are
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predicted engine speed and engine torque at time(k). The
vector ud(k) can also be described as defined by Eq. 4 below.
A, Bce, Bd, C, Dc and Dd are respective constant and/or
time-varying parameters.

ug(k)=n(k)us (k)]

Where ne(k) 1s the predicted engine speed at time(k) and
u.(k) corresponds to the predicted engine torque.

With the calculation of the predicted engine performance
parameter y(k) in Eq. 3, the optimization problem defined by
Eqg. 5 below can be formulated. Eq. 3 thus calculates an y(k)
for the fuel consumption, NOx-emission and thermal power
of the mternal combustion engine, respectively.

Eq. 4

min, {g,xFuel consumption+g,xNOx emissions—g,x

Thermal power) Eqg. 5

Where U 1s a vector of controllable variables correspond-
ing to the position of the actuators 204, 206 and ql, g2, and
g3 are weighting parameters for the fuel consumption, NOx
emission and thermal power, respectively. The optimization
problem 1n Eq. 5 can be further detailed over the fimite time
horizon by means of the expression 1n Eq. 6 below.

Ni—1

E:yﬂk+j+1}+

J=0

ming,
Ufi'

Ny -1 Ny -1
g2 ) yalk+ j+1)=gs ) yalk+j+1)
=0 j=0

where N1 1s the prediction horizon, 1.¢. up to the second
point 1n time. Hereby, the optimization 1s performed for a
plurality of time periods from the first, present point 1n time
until the second, future point 1n time.

The optimization problem stated in Eq. 5 and Eq. 6 may
thus result in that the fuel consumption must be increased for
compensation of an increased thermal power of the internal
combustion engine 101, etc.

The optimization problem may also take account for
various constraints, such as maximum and minimum tem-
perature levels of the exhaust gases, range values of NOx
emissions, minimum allowable air fuel ratio, limits on the
actuators themselves, etc. By using these constraints to the
MPC solver 208, the optimization can be even further
improved. The MPC solver 208 can also receive input values
from the engine after-treatment system 102. Such input
values can relate to e.g. temperature levels of the engine
alter-treatment system 102 at the first point 1n time, and/or
desired temperature levels of the engine after-treatment
system 102 at the second point 1n time.

Reference 1s now made to FIG. 3 which illustrates another
example embodiment of a system 300 for determining a
position of at least one actuator. The system 300 in FIG. 3
comprises the above described first subsystem 202, also
referred to as the engine controller, a second subsystem 302,
also referred to as an exhaust after-treatment controller, and
a third subsystem 304, also referred to as an engine and
EATS coordinator.

The engine controller 202 1n FI1G. 3 functions similarly to
the above description 1n relation to FIG. 2. Hence, the engine
controller 202 comprises a dynamic optimization solver,
preferably an MPC solver for optimizing engine perfor-
mance parameter values 1n order to determine a respective
actuator position for the actuators 204, 206, 207 of the
internal combustion engine arrangement 100.

10

15

20

25

30

35

40

45

50

55

60

65

10

The exhaust after-treatment controller 302 1s arranged to
control actuators 306, 308 of the engine after-treatment
system 102. The actuators 306, 308 of the engine aifter-
treatment system 102 may be arranged to control e.g. a urea
flow and HC mjection 1nto the engine after-treatment system

102, etc.

The engine and EATS coordinator 304 1s arranged as an
upper level controller for the engine controller 202 and the
exhaust after-treatment controller 302. The engine and
EATS coordinator 304 receives control signals from the
engine controller 202 and the exhaust after-treatment con-

troller 302, as well as from different ambient vehicle systems
310, 312, 314, 316, 318, 320, 322. Hereby, the engine and
EATS coordinator 304 acquires a more comprehensive view
of the complete system in comparison to e.g. the engine
controller 202 1itself. Furthermore, the engine and EATS
coordinator 304 may also comprise a dynamic optimization
solver, such as an MPC solver. Hereby, the MPC solver of
the engine and EATS coordinator 304 can optimize input
parameters to the engine controller 202 and the exhaust
alter-treatment controller 302, respectively. In particular, the
MPC solver of the engine and EATS coordinator 304 can,
for example, optimize fuel consumption of the engine as
well as the exhaust after-treatment system, urea consump-
tion in the exhaust after-treatment system, etc.

As described above, the engine and EATS coordinator
304 can receive control signals from ambient vehicle sys-
tems. These system can, for example, comprise a system 310
arranged to provide a signal indicating a maximum allow-
able NOx level 1n the tailpipe of the vehicle, a system 312
arranged to provide a signal indicative of torque demand
from e.g. vehicle auxiliaries, a system 314 arranged to
provide a signal indicative of upcoming, future road infor-
mation. Such road information may relate to road topology,
location of traflic junctions, altitude, planned stops for the
vehicle, etc. Further ambient vehicle systems may be a
system 316 arranged to provide a signal indicative of traflic
information ahead, such as e.g. dynamic tratlic signs, emis-
sion zones, traflic cues, vehicle-to-vehicle communication,
etc., or a system 318 arranged provide signal indicative of
present weather conditions or predicted weather forecasts, or
a system 320 proving a signal indicative of on-board diag-
nostics of the vehicle, etc.

The control signals received by the engine and EATS
coordinator 304 from the engine controller 202 can relate to
¢.g. present states of the internal combustion engine 101,
such as e.g. present engine speed, engine torque, etc. The
control signals received by the engine and EATS coordinator
304 from the exhaust after-treatment controller 302 can
relate to the present state of the exhaust after-treatment
system 102, such as e.g. a present temperature level of the
exhaust after-treatment system 102, etc.

By means of the control signals received by the engine
and EATS coordinator 304, the MPC solver therein can
provide an optimization algorithm in order to provide con-
trol signals to the exhaust after-treatment controller 302 as
well as to the engine controller 202.

The control signal provided from the engine and EATS
coordinator 304 to the engine controller 202 can be arranged
as mput signals to the MPC solver of the engine controller
202. The signals can, for example, be indicative of predicted
engine speed and/or engine torque at the second, future point
in time, maximum allowable limit values, such as e.g. NOx
limit values, exhaust temperature limits, soot limits, etc.,
and/or set point values. Such set point values can relate to
c.g. max/min NOx limits, engine exhaust temperature, etc.
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The control signal provided from the engine and EATS
coordinator 304 to the exhaust after-treatment controller 302
can be arranged as control signals for determining the
position of the respective actuators 306, 308 of the exhaust
alter-treatment system 102. Thus, by means of the MPC
solver of the engine and EATS coordinator 304, set point
values can be delivered to the exhaust after-treatment con-
troller 302 which 1n turn calculates an actuator position of
the respective actuators 306, 308 of the exhaust after-
treatment system 102.

Reference 1s now made to FIG. 4 which 1s a graph
illustrating different prediction horizons at future points 1n
time. In detail, FIG. 4 illustrates a short term prediction
horizon 402 and a long term prediction horizon 404. The
short term prediction horizon 402 illustrates a prediction of
the vanation of engine speed 406 between future points in
time denoted as N0 and N1, while the long term prediction
horizon 404 1llustrates a prediction of the variation of engine
speed 408 between future points 1n time denoted as N2 and
N3. Although FIG. 4 illustrates the predicted variations in
engine speed, a similar graph may be provided for the
predicted variations 1n engine torque as well.

The short term prediction horizon 402 between N0 and
N1 can relate to fast dynamics of the engine speed that 1s
predicted to take place 1n a near future compared to the first,
present point 1in time T0. The varniations 1n engine speed 406
between NO and N1 can be predicted by determining a
current and a previous usage ol the engine, 1.e. previous
engine speed as well as the present engine speed. A drniver
pedal position demand from the driver may also be taken
into account when predicting the variations in engine speed
406 between NO and N1. Hereby, an extrapolation of a
function containing these parameters may be executed for
predicting the engine speed at the second point in time,
which second point 1n time, 1n this example, 1s between N0
and N1.

The long term prediction horizon between N2 and N3 can
relate to slow dynamics of the engine speed that 1s predicted
to take place 1n a more distant future point in time compared
to the short term prediction horizon. The variations in engine
speed 408 between N2 and N3 can be predicted from
systems obtaining road ahead of the vehicle. Such system
may comprise €.g2. a digital map or a vision system, eftc.

The MPC solver of either the engine controller 202 or the
engine and EATS coordinator 304 can use both of the above
described short term prediction horizon long term prediction
horizon as iput when executing the optimization algorithm.

Finally, 1n order to summarize the above description and
also for detailing the method for determining a position of
the at least one actuator, reference 1s made to FIG. 5. Firstly,
parameter values for engine performance parameters are
received S1 at a first, present point 1n time. Hereby, a given
starting point for the method 1s provided. Thereafter, at least
one engine performance parameter value 1s predicted S2 at
a second, future point 1n time. Example embodiments of a
method step for predicting the at least one engine perior-
mance parameter value at the second point 1in time will be
given below. An actuator position for the at least one
actuator 204, 206, 207, 306, 308 1s thereafter determined S3
by means of an optimization using the parameter values at
the first point 1n time and at the second point in time. The
optimization 1s preferably executed according to the above
described embodiments, preferably using the MPC-solver.

The step of predicting S2 the at least one engine perfor-
mance parameter value can be executed by means of pre-
dicting S4 at least one of an engine speed and engine torque
at the second, future point in time. Preferably, both of the
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engine speed and engine torque 1s predicted at the second
point 1n time. Methods for predicting future engine speed
and engine torque are given above and therefore not
described further. By means of the prediction of the engine
speed and/or engine torque, the at least one engine perior-
mance parameter value at the second point 1n time can be
determined.

After the actuator position of the at least one actuator 204,
206, 207, 306, 308 of the vehicle 1s determined S3, the at

least one actuator 204, 206, 207, 306, 308 1s controlled S5
accordingly.

It 1s to be understood that the present invention 1s not
limited to the embodiment described above and illustrated 1n
the drawings; rather, the skilled person will recognize that
many changes and modifications may be made within the
scope of the appended claims. For example, signals relating
to e.g. the status of the engine after-treatment system may be
provided to either the third or the first subsystems. Such
signal can relate to the present operating temperature of the
engine after-treatment system, efc.

The mvention claimed 1s:

1. A method for determiming a position of at least one
actuator of an 1nternal combustion engine arrangement, the
method comprising the steps of:

recetving parameter values for engine performance

parameters of the internal combustion engine arrange-
ment at a first point 1n time;

recetving a signal indicative of an engine torque and/or

engine speed at a previous point 1n time and at the first
point in time;

determining a driver pedal position of a driver pedal of the

internal combustion engine arrangement,

predicting at least one of the engine torque and/or engine

speed at a short-term prediction horizon by means of
the received signal and the determined driver pedal
position;

recerving a signal indicative of road topology data ahead

at a future poimnt 1n time from a global positioning
system (GPS):

predicting the at least one of the engine torque and/or

engine speed for the internal combustion engine
arrangement at a long-term prediction horizon, by
means of the received signal from the GPS as a
long-term prediction;

determining parameter values for the engine performance

parameters at the short-term prediction horizon and at
the long-term prediction horizon of the at least one of
the engine torque and/or engine speed;

determining an actuator position for the at least one

actuator by means of an optimization of a weighted
sum using the parameter values at the first point 1n time
and at the short-term prediction horizon and the long-
term prediction horizon as input, the weighted sum
being a weighted sum of minimum of fuel consumption
and NOx emissions, and maximum of engine thermal
power, and

controlling the at least one actuator to be positioned in the

determined actuator position at the first point 1n time.

2. The method according to claim 1, wherein the actuator
position of the at least one actuator 1s associated with at least
one of the engine performance parameters.

3. The method according to claim 1, further comprising
the steps of:

recerving a signal from an after-treatment system, the

signal being indicative of a minimum and/or maximum
allowable NOx level for the after-treatment system; and
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determining parameter values of the engine performance
parameters at the short-term prediction horizon and the
long-term prediction horizon by using the received
signal from the after-treatment system.

4. The method according to claim 1, wherein each of the
engine performance parameters 1s associated with a respec-
tive weighting parameter, the method comprising the step of:

determining a respective value for each of the weighting

parameters for acquiring a minimization of a weighted
sum of the parameter values at the short-term predic-
tion horizon and the long-term prediction horizon.
5. The method according to claim 1, wherein the step of
determining the actuator position 1s executed by means of a
dynamic optimization solver.
6. The method according to claim 1, wherein at least one
of the parameter values for the engine performance param-
cters 1s a parameter correlating to at least one of fuel
consumption and NOx emissions of the internal combustion
engine arrangement.
7. The method according to claim 5, wherein the dynamic
optimization solver 1s a Model Predictive Control (MPC)
solver.
8. A computer comprising a computer program for per-
forming the steps of claim 1 when the computer program 1s
run on the computer.
9. A non-transitory computer readable medium carrying a
computer program for performing the steps of claim 1 when
the computer program 1s run on a computer.
10. A system for determining a position of at least one
actuator of an internal combustion engine arrangement, the
system being configured to
receive parameter values for engine performance param-
cters of the internal combustion engine arrangement at
a first point in time;

receive a signal indicative of an engine torque and/or
engine speed at a previous point 1n time and at the first
point in time;

determine a driver pedal position of a driver pedal of the

internal combustion engine arrangement;

predict at least one of the engine torque and/or engine

speed at a short-term prediction horizon by means of
the received signal and the determined drniver pedal
position;

receiving a signal indicative of road topology data ahead

at an at least one second, future point 1n time from a
global positioning system (GPS);

predict the at least one of the engine torque and/or engine

speed for the iternal combustion engine arrangement
at a long-term prediction horizon, by means of the
received signal from the GPS;

determine parameter values for the engine performance

parameters at the short-term prediction horizon and at
the long-term prediction horizon of the at least one of
the engine torque and/or engine speed;
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determine an actuator position for the at least one actuator
by means of an optimization of a weighted sum using
the parameter values at the short-term prediction hori-
zon and the long-term prediction horizon as input, the
welghted sum being a weighted sum of mimmum fuel
consumption and NOx emissions, and maximum
engine thermal power; and
control the at least one actuator to be positioned in the
determined actuator position at the first point 1n time.
11. The system according to claim 10, further comprising
a lirst subsystem configured to control the at least one
actuator of the internal combustion engine arrangement.
12. The system according to claim 11, further comprising
a second subsystem configured to control at least one
actuator of an engine after-treatment system, and a third
subsystem configured to predict the at least one of the engine
torque and/or engine speed of the internal combustion
engine arrangement at the short-term prediction horizon and
the long-term prediction horizon, wherein the first subsys-
tem 1s further configured to:
recerve the predicted engine torque and/or engine speed at
the short-term prediction horizon and the long-term
prediction horizon from the third subsystem; and
determine parameter values for the engine performance
parameters at the short-term prediction horizon and the
long-term prediction horizon by using the prediction of
the at least one of the engine torque and/or engine speed
received from the third subsystem.
13. The system according to claim 11, further comprising
a second subsystem configured to control at least one
actuator of an engine after-treatment system, and a third
subsystem configured to predict the at least one of the engine
torque and/or engine speed ol the internal combustion
engine arrangement at the short-term prediction horizon and
the long-term prediction horizon, wherein the second sub-
system 1s configured to:
recerve a signal indicative of a temperature level of an

engine after-treatment system at the first point 1n time;
and
provide the signal indicative of the temperature level to
the third subsystem.
14. The system according to claim 10, further comprising
a subsystem configured to control at least one actuator of an
engine after-treatment system.
15. The system according to claim 10, further comprising
a subsystem configured to predict the at least one of the
engine torque and/or engine speed of the internal combus-
tion engine arrangement at the short-term prediction horizon
and the long-term prediction horizon.
16. A vehicle comprising the system according to claim

10.
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